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The results of numerical calculations performed for planar solid oxide fuel cells are presented. Two diﬀerent approaches
are developed: (i) A detail numerical method and (ii) a presumed ﬂow method. In the ﬁrst approach, a commercial com-
putational ﬂuid dynamics code is employed, and user-deﬁned-functions are developed to account for electro-chemical con-
siderations. In the second approach, where the momentum equations do not require to be solved, an in-house code is
developed and used to perform calculations. In both cases the following coupled physicochemical phenomena are mod-
elled; heat and mass transfer, electrochemistry and electric potential. The polarisation curve is generally accepted as an
important performance measure of the fuel cell. Performance predictions for this characteristic made by the two diﬀerent
approaches are compared. Results show voltage losses due activation, Ohmic resistance, and mass transfer in a typical
solid oxide fuel cell, over a range of current density values. The results for the detailed numerical method are discussed
in some detail with regard to the inﬂuence of diﬀerent parameters on the overall performance of the device.
Crown Copyright  2006 Published by Elsevier Inc. All rights reserved.1. Introduction
Fuel cells combine hydrogen-rich fuel with oxygen to generate electricity, water, and heat. The fuel cell was
invented by Grove in 1839, and the ﬁrst alkaline fuel cell prototype developed by Bacon in 1932, see Berger [1].
High energy eﬃciency and environmentally benign attributes make the fuel cell a candidate for future power
sources. In the last two decades, commercialization of fuel cells has become important, with the associated
development of new technologies to overcome the major engineering and cost barriers for this technology.
These developments have stimulated progress in fuel cell modelling and numerical analysis: Computational
ﬂuid dynamics (CFD) is playing an important role in assisting fuel cell manufacturers design products, and
speeding up the development process. The solid oxide fuel cell (SOFC) operates at 800–1000 C and is consid-
ered a potential source of electricity for stationary and other applications. The solid-state electrolyte is made
from zirconia, a brittle material, which is liable to crack under suﬃcient stress. SOFCs are typically operated
in stacks in order to increase the overall voltage of the unit.0307-904X/$ - see front matter Crown Copyright  2006 Published by Elsevier Inc. All rights reserved.
doi:10.1016/j.apm.2006.03.009
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Nomenclature
A area, m2
cp speciﬁc heat, J/kg K
C molar concentration, mol/m3
D diﬀusion coeﬃcient, m2/s
E Nernst potential, V, activation energy, J/mol
F Faraday’s constant, 96,485.3, Coulomb/mol
G Gibb’s free energy of formation, J/mol
H enthalpy of formation, J/mol
i00 current density, A/m2
k permeability, m2
M molecular weight
m mass fraction
n number of electrons, normal direction
P power density, W/m2
p pressure, Pa
R resistance, X, gas constant, 8.3144 · 103, J/mol
S source term
T temperature, C or K
U superﬁcial velocity, m/s
u velocity, interstitial velocity, m/s
V cell voltage, V
V volume, m3
x molar fraction
Greek symbols
a transfer coeﬃcient, heat transfer coeﬃcient, W/m2 K
b coeﬃcient, S/m
e porosity
U electric ﬁeld potential, V
C exchange coeﬃcient, kg/ms
g overpotential, V
l dynamic viscosity, kg/m s
q gaseous mixture density, kg/m3
r electrical conductivity, S/m
s tortuosity
Superscripts
0 reference value
00 per unit area
000 per unit volume
Subscripts
a anode
c cathode
e electrolyte
1486 Y. Lin, S.B. Beale / Applied Mathematical Modelling 30 (2006) 1485–1496Numerical simulation tools are used to simulate the distributions of temperature and thermally-induced
stresses, to ensure the integrity of the SOFC design, and to predict the overall performance of the device.
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micro-scale and macro-scale models may be found. Microscopic models are aimed at building better electrodes
and electrolytes, whereas macroscopic models generally target cell and stack optimization. Reviews of modern
modelling methods for SOFCs may be found in [3,4].
The physicochemical transport phenomena (and the corresponding mathematical models used to
describe those phenomena) associated with fuel cells are complex. These include; mass transfer of multi-spe-
cies gas mixtures in micro-channels and porous diﬀusion layers, sources of heat, mass and species due to
electrochemical reactions, and the impact of local current density on kinetic charge transfer and other volt-
age losses. Ideally, numerical calculations would reproduce all the above mentioned phenomena faithfully.
Such a scheme is detailed below and referred-to as detailed a numerical method (DNM). This approach,
however, requires computer resources which are not generally available when considering practical engi-
neering designs, and mesh-independent results may not be feasible for large-scale designs, at least for
the time-being.
To alleviate this, simpliﬁed models have also been developed. Beale et al. [5,6] proposed two alternative
possibilities, a CFD-based distributed resistance analogy (DRA) and a non-CFD based presumed
(upstream) ﬂow method (PFM). Both avoid the necessity for employing ﬁne meshes, by assuming momen-
tum/heat and mass transfer may be estimated by introducing appropriate drag, and heat and mass transfer
coeﬃcients. These simpliﬁed approaches have been veriﬁed and proven to be realistic alternatives to more
detailed CFD simulations. In this paper further progress to both detailed and simpliﬁed transport models
are presented, compared and discussed. User-deﬁned-codes must be developed and implemented to per-
form detailed numerical calculations for fuel cells. These require that a large parallel computer cluster
be available for use. The main advantage of performing such calculations is that the ﬁne details of the
multi-species gas ﬂow in the channels, mass transfer in the porous gas diﬀusion layers (GDLs), and local
distributions of electric potential and current density may be captured. When coarse-grid approaches
(whether CFD-based or otherwise) are employed, mass transfer and electric potential are not computed
whole-ﬁeld, but modelled using algebraic relationships. In previous studies, it was found that even though
the PFM uses only a small fraction of the computational resources required for a DNM, it does nonethe-
less provide good performance predictions for SOFCs. The PFM developed for this programme of
research diﬀers from [5,6] in that a body-ﬁtted grid corresponding to the solid–ﬂuid walls was constructed;
whereas previously, local volume-averaging resulted in the distinction between solid and ﬂuid zones being
blurred.
In the present study, the electric potential and local current distribution within a SOFC are analysed using
the detailed analysis, and the importance of this together with the eﬀect of oxygen concentration upon perfor-
mance is discussed. It is shown that for the anode supported SOFC type, where the GDL is relatively thin;
uneven current density distribution is very likely across the electrolyte–cathode interface, due to the impact
of oxygen diﬀusion and the current distribution within the GDL.2. Model description
The geometry of the SOFC considered in this study is shown in Fig. 1. The basic unit is composed of seven
(7) layers in the vertical direction (from bottom-to-top): (1) air-side interconnect, (2) air-side gas channels, (3)
porous cathode, (4) electrolyte, (5) porous anode, (6) fuel-side gas channels, and (7) interconnect on fuel side.
The dimensions of the layers are shown in Table 1. The ﬂow channels are embedded within the interconnects
in the form of micro-channels, of rectangular cross-section. The metallic interconnects also function as elec-
trical connectors when current is ﬂowing through the SOFC. The fuel and air channels are separated by GDLs
and by the electrolyte layer. As shown, the ﬂuids are in cross-ﬂow. Both air and fuel are introduced to the fuel
cell via manifolds (not shown).
The physical–chemical transport phenomena in a SOFC are strongly coupled. For convenience, we classify
them into the following categories: (i) mass transfer in gas channels and porous media; (ii) heat transfer in all
constituent materials; (iii) electrochemical reactions at interfaces between electrolyte and electrodes; (iv) elec-
tronic and ionic charge transfer through solid and porous media.
Fig. 1. SOFC geometry, showing meshing details.
Table 1
Physical properties of materials in SOFC
Thickness
(mm)
Electrical
conductivity (S/m)
Thermal
conductivity (W/m K)
Anode 0.1 105 11
Electrolyte 0.1 Fig. 2 2.7
Cathode 1.0 7690 2
Interconnect 1.143 200 2
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Mass transfer plays an important role in the gas micro-channels. The steady-state species conservation
equation isdivðqumiÞ  divðCgrad miÞ ¼ S000i ; ð1Þ
where q is the mixture density, mi is mass fraction of species i, u is local velocity, C is the exchange coeﬃcient,
and Si
000 is a volumetric source term. Darcy’s law is considered to apply within the porous electrodes,U ¼ eu ¼  k
l
grad p; ð2Þwhere u is a local pore or interstitial velocity, U is a ﬁlter or superﬁcial velocity, k is permeability, e porosity,
and l viscosity.
Mass transfer in the GDL may be written in the same form as Eq. (1), but based on an eﬀective exchange
coeﬃcient Ceﬀ, deﬁned byCeff ¼ C es2 ; ð3Þ
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coeﬃcients, mixture viscosity, and thermal conductivity are computed based on eﬀective values [7]. At the
interface between the porous electrodes and the electrolyte, the source term per unit area, S00, for any given
species (reactant/product) may be written,S00 ¼  M
nF
i00; ð4Þwhere M is molecular weight, n the number of electrons involved in the electrochemical reaction, F is Fara-
day’s constant and i00 is the local current density at the interface. The above formulation is suﬃcient for
the DNM used to generate the results in this paper.
Further additional simpliﬁcations must be made in a PFM: It is assumed that the ﬂow in the gas micro-
channels is fully-developed, and that the drag coeﬃcient is known. One side of each channel is a porous wall
and mass transfer (injection or suction) occurs, so the velocity proﬁle will be asymmetric [8,9]. The impact of
this upon mass transfer is discussed in [10]. For the present study, a constant value of Sherwood number based
on fully-developed duct ﬂow, assuming negligibly small mass transfer was presumed [11]. Similar assumptions
were made for mass transfer in the GDLs.2.2. Heat transfer
Convective heat transfer is the dominant transfer mechanism in the micro-channels, while conduction gov-
erns the heat ﬂux in solid materials, such as the current-collecting interconnects, porous electrodes and electro-
lyte, i.e. the problem is one of conjugate heat transfer, through multiple layers of materials, both ﬂuid and solid.
Consider the reactionH2 þ 1
2
O2 ! H2O. ð5ÞFrom a thermodynamic point-of-view, the available thermal energy resulting from the chemical reaction is the
enthalpy of formation, DH, whereas the available electrical energy is the Gibb’s energy of formation, DG. The
diﬀerence must either be converted to, or provided as heat. For the hydrogen reaction, above, DH < DG, and
hence the electro-chemical reaction is exothermic. The entropy of formation, under ideal circumstances, is just
(DH  DG)/T.
In reality, owing to irreversible electrical (Ohmic) and kinetic (activation) terms, additional chemical energy
is converted into heat, not electricity. Thus if V is the operating voltage of the fuel cell, then the overall heat
source per unit area may be written as,S00 ¼ DH
nF
 V
 
i00; ð6Þwhere i00 is the local current density. Eq. (6) is an expression for the heat generated due to all sources.
The principle of conservation of energy within the ﬂow channels is governed by the following equation, for
steady-state,divðqucpT Þ  divðk grad T Þ ¼ S000; ð7Þ
where T is temperature, k is thermal conductivity, cp is speciﬁc heat, and S
000 is the volumetric rate of heat gen-
eration. Heat conduction through the solid regions can be expressed asdiv ðk grad T Þ þ S000 ¼ 0. ð8Þ
In the PFM the diﬀusion terms are replaced by rate equations, at the wall, namelykdT
dn

w
¼ aDT ; ð9Þwhere a is a heat transfer coeﬃcient (the symbol h is also frequently encountered). The convective heat transfer
is thus obtained from a Nusselt number correlation for the duct geometry [11], and not by the performance of
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reduced substantially. Thermal radiation was not considered in this study.
Heat is generated by three mechanisms: (i) The electrochemical half-reactions generate heat in the two elec-
trodes as previously discussed (ii) Joule heating occurs in the electrolyte, electrodes, and interconnects, due to
the resistance to migration of oxygen ions and electrons, (iii) heat dissipation in the electrodes results from
activation overpotentials (charge transfer eﬀects) discussed below. Thus for a control volume DV in contact
with a reaction area DA, the total heat source may be conveniently summarised as follows:S ¼ DH  DG
T
 
DAþ r rUð Þ2DVþ i00gDA; ð10Þwhere r is electrical conductivity, U is the electric ﬁeld potential, and g is the activation overpotential, deﬁned
below. The reader will note that there are both ionic and electronic potentials in the electrolyte and intercon-
nects, respectively (both potentials may be present in the active region of the electrodes). In this study, the
electronic potential is solved-for whole ﬁeld, whereas the ionic potential is treated algebraically.
2.3. Electrochemistry
Eq. (5) may be written in terms of two half-reactions at the electrodes,1
2
O2 þ 2e ! O2 ð11Þ
H2 þO2 ! H2Oþ 2e ð12Þ
The ﬁrst reaction is endothermic and the second exothermic. The half-reactions take place on either side of the
electrolyte, which is very thin, and hence it is appropriate to treat the two together. The Nernst potential may
be written as follows:E ¼ E0 þ RT
2F
ln
xH2x
1=2
O2
xH2O
 !
þ RT
4F
ln P a; ð13Þwhere x is mole fraction, and E0 is a reference potential. Eq. (13) determines the thermodynamically maximum
possible cell voltage. However, when a small current, di, ﬂows, there is a corresponding reduction in the cell
voltage, g = dV. This is due to activation losses at the electrodes. The activation overpotential is commonly
written as a function of current density, g(i00), in the following implicit form:i00 ¼ i000 exp aa
F
RT
g
 
 exp ac FRT g
  
; ð14Þwhere aa and ac are referred to as anodic and cathodic transfer coeﬃcients, and i000 is an exchange current den-
sity. Eq. (14) is referred to as a Butler–Volmer equation. There are two such terms; for the anode and the
cathode. However in a SOFC, anode losses are generally small in comparison to those at the cathode. The
dependence of the exchange current density on species concentration was presumed to follow the expressions
given by Costamagna et al. [12].
2.4. Electric potential
Electronic conduction occurs in the relatively thick metallic interconnects, and the porous electrodes.
Charge transport is governed by a Laplace equationdivðr grad UÞ ¼ 0. ð15Þ
The local current density vector may be computed according asi00 ¼ r grad U. ð16Þ
In the present study, it is tacitly assumed only ions and not electrons ﬂow through the electrolyte. Since the
electrolyte is very thin, a locally one-dimensional (1-D) approach is considered appropriate for computing the
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ductors, so the potential across the electrode–electrolyte interface is constant.
The cell voltage, V, may be expressed asV ¼ E  ga  gc 
X
k
i00Rk; ð17Þwhere ga and gc are the activation overpotentials on the anode and cathode sides, and
P
i00Rk is the sum of all
resistive losses; ionic (electrolyte) and electronic (interconnects, electrodes), and Rk are the corresponding resis-
tance values. Similarly the voltage across the anode–cathode-electrolyte assembly (excluding the interconnect)
may be written asVac = E  ga  gc  i00Re, provided the resistances of the anode and cathode are small in com-
parison to that of the electrolyte. The assumption of a thin electrolyte is equivalent to postulating that the elec-
trolyte current ﬂows in a 1-Ddirection and that the potential diﬀerence between the electrodes is locally constant.
Two diﬀerent types of boundary conditions are encountered: (a) galvanostatic conditions, where the mean
current density i00 (or just the current, i) is presumed known; or (b) potentiostatic conditions where it is the cell
voltage, V, which is prescribed. The former are assumed here. It is therefore required that the cell potential
across the anode–cathode assembly be computed. This is readily obtained asV ac ¼ V

ac=Re i00
1=Re
; ð18Þwhere V ac is the value at the present iteration, and i
00 is the prescribed mean current density, and the overbars
denote spatially-averaged values.
At the anode and cathode interfaces, it is presumed that,roU
on

a
¼ roU
on

c
¼ i00je; ð19Þi.e. a 3-D simulation is performed within the interconnect material, but a 1-D potential calculation is consid-
ered suﬃcient for the electrode–electrolyte assembly.
The electrical conductivity of the electrolyte strongly depends on the temperature. This is computed, using
the correlation of Nagata et al. [13] as follows:r ¼ b1 expðb2=T Þ; ð20Þ
where b1 = 3.34 · 104 S/m and b2 = 1.03 · 104 K. Fig. 2 shows the electrical conductivity of the electrolyte as a
function of temperature. The electrical conductivity of all other layers is assumed constant. These are provided
in Table 1.
2.5. Numerical methods
The physicochemical hydrodynamics were incorporated into both a DNM and a PFM. The implemen-
tation is as follows (precise details vary depending as to which procedure was adopted): In both cases a
3-D rectilinear mesh was constructed which passed through all solid and ﬂuid regions. The meshes were
body-ﬁtted, in the sense that the boundaries between diﬀerent materials (fuel, air, interconnects etc.) corre-
sponded to the surface of the mesh cells, see Fig. 1. For the DNM, a total mesh size of 483,936 compute
cells was employed. For the DNM, the mesh is concentrated in the near wall region to capture local vari-
ations in the velocity gradient. For the PFM the total number of cells was 11,767. Thus the advantage of
using estimated values for Sherwood and Nusselt numbers in the PFM is manifested by a reduction in mesh
size by a factor of 40 or more.
The DNM was implemented by means of a commercial CFD code, Fluent, which is based on a ﬁnite-vol-
ume method. This code was used to perform all ﬂuid ﬂow, heat, mass fraction, and potential calculations.
Field variables were stored at the centres of the grid cells. The pressure-corrected momentum equations were
solved based on a co-located scheme for velocity. Harmonic averaging was employed when computing the lin-
ear coeﬃcients in the ﬁnite-volume equations. The electric, electrochemical and other models speciﬁc to
SOFCs described in detail above, were all implemented by means of user-deﬁned-functions developed and
Temperature (°C)
C
on
du
ct
iv
ity
 (S
/m
)
600 700 800 900 1000
0
1
2
3
4
5
6
7
8
9
10
11
Fig. 2. Electrolyte conductivity of zirconia (S/m) as a function of temperature.
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were all set at run-time.
The solution algorithm proceeded as follows:
1. Deﬁne solid, ﬂuid and porous-media regions, assign physical properties, and prescribe boundary condi-
tions. Initialise all state-variables.
2. Solve system of transport equations.
3. Calculate Nernst potential, overpotential, electrolyte conductivity.
4. Calculate cell voltage.
5. Calculate source terms for species, mass, enthalpy and potential.
6. Repeat steps (2)–(5).
For the PFM, an in-house code based on the assumption that the ﬂow at the inlets to the fuel cell is known
and constant, was developed. Since, a fully-developed velocity proﬁle is presumed; a solution of the momen-
tum and pressure-correction equations is not required. Local bulk velocities are obtained from the continuity
equation based on upstream values and known electrochemical sources and sinks, obtained from Eq. (4). Spe-
cies mass fractions are handled in a similar manner. Because of the elliptic nature of heat conduction, Eq. (8),
the energy equation was solved-for with a 3-D ﬁnite-diﬀerence scheme. The electric potential was treated in a
similar manner. Fluid–solid heat transfer was computed using the rate equation, Eq. (9), based on a Nusselt
number correlation for fully-developed heat transfer. Wall mass fractions are required in the Nernst and But-
ler–Volmer equations. These were computed from bulk values, by means of a Sherwood number correlation
for fully-developed mass transfer. A generalised minimum residual algorithm [14] was employed to obtain the
iterative solution to the energy and electric potential equations.
3. Results and discussion
3.1. SOFC performance predictions
The polarisation curve provides a convenient snapshot of the performance of a fuel cell. Fig. 3 is an exam-
ple of this performance measure. Cell voltage, V, is given as a function of average current density, i00. The
Fig. 3. Polarisation curve.
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operating parameters such as the chemical components of the fuel and oxidant, utilization rates for air and
fuel, operating temperature, etc. The polarisation curve shown in Fig. 3 is for 50% utilization rate for hydro-
gen and 25% for oxygen. Results obtained for both the CFD-based DNM code and the simpliﬁed PFM code
are displayed.
Associated with the typical polarisation curve are three distinct zones: At low current density, the potential
is reduced by activation or charge transfer losses; Ohmic losses generally occur at intermediate current density,
and concentration (mass transfer) losses may reduce the voltage at high i00. It can be seen from Eq. (14), that
losses due to activation will be minimal at high temperatures, i.e., the voltage losses due to activation are not
as signiﬁcant in high temperature SOFCs as in other low temperature fuel cells, such as proton exchange mem-
brane fuel cells. For the present case, a large part of the V–i00 curve is dominated by Ohmic losses. Optimum
power density and electrical eﬃciency are thus determined by the resistance to oxygen ions across the electro-
lyte. A higher overall working temperature, or a thinner electrolyte would lower the overall resistance, and
hence improve the performance of the unit.
Fig. 3 also displays the electric power density of the unit. It can be seen that the power density initially
increases as the current density increases, however since the voltage decreases as the load is increased, and
since P = Vi00 the power density reaches a maximum around 7000 A/m2; above this value performance
drops-oﬀ. It can also be seen that agreement between the PFM and DNM is quite satisfactory.
3.2. Temperature and current density distributions
Fig. 4 shows iso-values of temperature and current density in the plane of the SOFC electrolyte for a
mean current density of i00 ¼ 4000 A=m2. A uniform temperature distribution is desirable for a SOFC: Ther-
mally-induced stresses and strains are undesirable as they can lead to cracking of the electrolyte, or failure
of the mechanical seals. For the prototype under consideration here, the temperature is a minimum of
around 960 K at the air inlet and reaches a maximum value of 1160 K near the air outlet. This temperature
distribution is to be expected, since under presumed adiabatic conditions (i.e., well insulated walls) heat can
only be removed by bulk convection of the air and fuel. The thermal capacity of air is much larger than for
the fuel, so the principle direction of the temperature gradient is primarily aligned with air channels, as
shown in Fig. 4.
The maximum temperature value increases as average current density is increased, though not in a linear
manner. Heat due to activation increases with current density. Conversely the electrical conductivity of the
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Fig. 4. Electrolyte temperature (C) (dashed lines) and current density (A/m2) (solid lines) distributions for the case i00 = 4000 A/m2.
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and the source due to Joule heating is non-linear. Heat sources associated with the thermodynamics of the
electrochemical reactions are by-and-large not a function of current density.
Thermal stresses can cause cracks in the electrolyte. These are more liable to happen if the temperature gra-
dient is large. The variation in temperature gradient is apparent from the spacing of the isothermal lines in
Fig. 4. The highest thermal stress occurs in regions where the isothermal lines are most densely populated.
The fact that the fuel cell is sandwiched between a pair of thermally-conducting metallic interconnects is highly
beneﬁcial. The interconnects act as ﬁns, smoothing out undesirable temperature gradients.
Fig. 4 also shows iso-values of local current density. These vary from a minimum of 2900 A/m2 to a max-
imum of more than 5000 A/m2. It can be seen that the local current density is a maximum at the fuel inlet near
the air outlet, and a minimum near the air inlet at the fuel outlet. The location of the maximum coincides with
a region where the temperature and mass fraction of H2 in the fuel is high. The local temperature distribution
directly aﬀects the current density distribution since the ionic conductivity of the electrolyte is a strong func-
tion of temperature. As the average current density increases, the maximum temperature increases. The tem-
perature gradients are also more signiﬁcant at higher mean current density values. Temperature is not the only
factor which aﬀects the local current density; the Nernst potential decreases as H2 and O2 are consumed and
H2O produced, and the local current density also decreases according to Eq. (17).
The impact of the local current density distribution on the performance of a SOFC is signiﬁcant.
Ideally current density would be evenly distributed over the entire electrolyte, in order that the maxi-
mum cell voltage is obtained. However, local variation in current density distribution is inevitable in
all SOFC designs, and the desired uniformity can never be achieved in practice. Local variation in current
density across the electrolyte is one factor which must be considered when evaluating the performance of a
SOFC.
3.3. Potential distribution
The local current density and electric potential distributions on the anode-side of a SOFC are shown in
Figs. 5 and 6. The anode serves as a diﬀusion layer for the hydrogen fuel and also the product water. The local
current density is obtained as the divergence of the electric ﬁeld potential for the electronic (and ionic) charge
carriers. Analysis of the current density over the solid domain aids in better understanding of the design of
SOFCs. For the typical planar SOFC, such as is considered here, neighbouring air/fuel micro-channels are
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GDLs and reach the catalytic surface at the electrode-electrolyte interfaces; the ribs serve as a means whereby
electrons are conducted to the metallic substrate of the porous GDLs, and hence reach the interface sites. At
the electrode–electrolyte interface, the current is determined by the gradient of the electric potential, which is
a function of the local reactant/product concentration, as well as the local (temperature-dependent)
conductance.
Fig. 5 shows ﬂux lines of current density within the fuel-side interconnect. The eﬀect of the rib width on the
current density distribution within the interconnect can be seen. At the top plane of the interconnect, local
current density values vary due to the rib locations. The electric ﬂux lines are determined entirely by the Lapla-
cian proﬁle associated with the geometry and boundary conditions; however, the latter are themselves a func-
tion of the local concentrations of the reactants. These may be non-uniform, especially at high mass transfer
rates, when diﬀusion gradients in the GDL pores are signiﬁcant. Since mass transfer rates are a function of
current density, both geometry and average current density ultimately determine the local potential distribu-
tion, which in turn aﬀects the overall performance of the unit. There is a trade-oﬀ between the choice of the
rib-width (a wide rib would minimise Ohmic resistance) and the need to ensure suﬃcient mass transfer [15] (a
narrow rib will maximise mass transfer in the GDL). The latter is also a function of other variables such as the
GDL and micro-channel heights.
Fig. 6 shows the electric ﬁeld potential around the fuel channels. It can be seen that the iso-potential lines
are perpendicular to the fuel channel walls. Higher current densities occur in areas where the iso-potential lines
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interconnect, and the resulting Joule heat inﬂuences the temperature distribution. The gradient of the electric
potential determines the local current density (for constant resistance), and the prediction of potential distri-
bution can provide the following information to the designer: (1) The eﬀect of rib width on current density
distribution at the electrolyte interface and on the cell voltage due to Ohmic losses across the interconnects.
(2) The eﬀect of the electrode thickness on Nernst potential, and activation overpotentials at the electrolyte
interface.
4. Conclusions
The performance of a SOFC depends on the local Ohmic resistance of the electrolyte. This is a function of
the temperature distribution and hence the current density (i.e. power dissipation). While evenly distributed
temperature and current density distributions are desirable in planar SOFCs; in practice these cannot be
attained at present, for a number of reasons.
Comparisons between the detailed-CFD calculations and simpler presumed (inlet) ﬂow approaches suggest
simpliﬁed methods can, under many circumstances be used to give reliable predictions of the performance of
SOFCs as well as detailed CFD methodologies. Comparisons between the results of these two approaches
show remarkable similarity in terms of temperature, current density and species mass fraction distributions.
Polarisation curves also compare in a favourable manner.
While judicious design of the porous electrodes and electrolyte of a SOFC could greatly improve the elec-
trical performance; other parameters, such as temperature and current density distributions, also play impor-
tant roles in determining the SOFC performance. Moreover, for the type of anode-supported SOFC
considered in the present study, the current density distribution is strongly dependent on the oxygen mass frac-
tion distribution in the cathode.
Predictions of the electric potential distribution made using the detailed CFD code revealed the current ﬂow
paths through the bi-polar plates (interconnects) and the electrodes. The electric ﬁeld potential and current
density distribution through these layers aﬀects the rates at which electro-chemical reactions take place,
and the overall performance of the SOFC.
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